The energies of hydrogenic impurity states with an impurity atom located at the center of a quantum dot and on the axis of a quantum-well wire are studied. These two systems are all assumed to have an infinite confining potential. In the case of the quantum dot, the impurity eigenfunctions are expressed in terms of Whittaker functions and Coulomb scattering functions. The calculated ground-state energy of the impurity approaches the correct limit of three-dimensional hydrogen atom as the radius of the quantum dot becomes very large. In the case of the quantum-well wire, analytical solutions can be obtained if we divide the space into a two-dimensional subspace (perpendicular to the axis of the quantum-well wire) and a one-dimensional subspace (parallel to the axis of the quantum-well wire). The calculated groundstate energy of the quantum-well wire approaches the ground-state energy of the shallow-impurity atom located on the surface as the radius of the wire becomes infinite. Variations of the state energies with the radius of the quantum dot and the quantum-well wire are obtained.
I. INTRODUCTION
In the past ten years, impurity states in various confined systems, such as quantum wells, quantum-well wires, and quantum dots, have been a subject of extensive investigations in basic and applied research. ' Quasitwo-dimensional (quasi-2D) quantum wells have been widely studied and applied to various semiconductor devices, such as high-electron-mobility transistors. Quasione-dimensional systems, such as quantum-well wires, are known to have the advantage of high mobility and suppression of carrier scattering. The emission line for quantum well wires was observed to be two to three times broader than that of the two-dimensional quantum wells and occurred at 6 -10-meV higher binding energy.
Studies of quantum dots or quantum-we11 wires are very interesting problems because specific properties of these lower-dimensional structures can be easily achieved by varying the radius of the quantum dot or the quantum-well wire. An electron bound to an impurity atom located at the center of the quantum dot or on the axis of the quantum-well wire may appear to be unaffected by the boundary when the radius is very large and behaves very much like an impurity atom in the three-dimensional case. However, as the radius is reduced, spatial confinement begins to cause the kinetic energy of the electron to increase due to the uncertainty principle and eventually it may overcome the attractive potential between the electron and the impurity atom; thus the total energy may change from negative to positive at a certain radius of the confining system and finally diverges to infinity as the radius approaches zero. Moreover, the effective strength of the Coulomb interaction between the electron and the impurity atom depends on the geometric dimension of the system and is enhanced as the size of the system is reduced. Thus, in quantum-well wires or quantum dots the effective strength of the Coulomb interaction can be changed by varying the radius of the quantum-well wire or the quantum dot. Con- 
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Equation (11}is a Couloinb equation. ' The solutions of Eq. (11)are F"L(g) and G"I (():
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The value of g can be determined from the boundary condition CLg, ", a --0, pZe eA g and the total energy of the system may be given as (1) For E &0, (02) Fig. 4 are around 1.1%",0.7537*, 0. 65%*, 0. 59%', and 0. 5%' for the wire radii equal to 0.5ao, 1.0ao, 1.5ao, 2.0ao, and 3.0ao. Therefore, our results agree very reasonably with those of the lowest odd z-parity state. 
